We study a multidimensional system of two loaded parabolic equations of a special kind with the Cauchy data. Sufficient conditions for the existence of a solution in the class of smooth bounded functions are obtained. The splitting method at differential level (the method of weak approximation) is used in the proof.
Introduction
A study of inverse problems for systems of parabolic equations can be a time-consuming process, therefore, in [1] there was proposed an algorithm to the study of one-dimensional direct problems for systems of parabolic equations, to which inverse problems for loaded systems of a special kind can be reduced. Increasing dimension of a problem leads to estimations obtained in the process become more complex, which significantly slows down the study.
The article presents a generalization of the algorithm proposed in [1] to the multidimensional case. In the present article we propose and investigate the following model: a system of two multidimensional loaded parabolic equations connected by the lower terms with the Cauchy data. Our motivation is that inverse problems for systems of linear or semilinear parabolic equations with unknown coefficients depending only on time variable can be reduced to such a model. The obtained result can be used as a sufficient condition for existence of a solution to auxiliary direct problems. To prove existence of a solution we use the weak approximation method, which is the splitting method at the differential level [2, 3] .
Another method of the study of systems of multidimensional parabolic equations in a special form is presented in [4] . Similar algorithms for the study of inverse problems for parabolic equations have been previously presented in [5, 6] . The Cauchy problem for a loaded Burgerstype system has been investigated in [7] .
Statement of the problem
In the space E n of variables x 1 , . . . , x n choose r i different points α i ki , (k i = 1, r i ) for each variable x i (i = 1, n). In the strip G [0,T ] = {(t, x)|0 t T, x = (x 1 , . . . , x n ) ∈ E n } consider the Cauchy problem for the system of loaded nonclassical parabolic equations
here 
and bounded in G [0,t * ] together with their derivatives occurring in
Definition 2. By a classical solution to problem (1), (2) 
Remark 1. In Conditions 1 and 3, by γ 1 , γ 2 0 we mean some fixed real numbers, 
these functions are continuous and have continuous derivatives occurring in the relation
Theorem. Suppose that Conditions 1-3 hold. Then
Proof. The proof is conducted by using the splitting method on the differential level. We use the spitting of the initial problem into two fractional steps with time shift by
in the traces of the unknown functions and nonlinear terms:
Now, establish a priori estimates that guarantee the compactness of the family of solutions {u
T . Refer as the n-th integer time step to the half-interval (nτ, (n + 1)τ ], n = 0, 1, . . . , N − 1. Introduce the notation:
The following hold:
2. the functions S u τ ,v τ (t) are nonnegative and nondecreasing on each time interval
[a]. At the first fractional step t ∈ ( 0,
, for the solution u τ , v τ to (7) with initial data (9), by Conditions 1-3 and the maximum principle, we obtain the estimate
Summing up the obtained estimates, we have
We can apply the operation of differentiation D 
Apply sup x∈En to both sides of the inequalities (12), (13), then sup 0<ξ t , and sum the results up, taking into account the notation (10), we get
Consider the second fractional step of the zero integer
. Integrating the system of equations (8) with respect to the time variable over the interval (
] and τ 2 < t τ , we obtain
The last inequality, Condition 3 (inequality (6)) and the conditions of case [a] imply
, dθ,
whence, using the properties S u τ ,v τ (t) in (10) and summing up the inequalities, we infer 
Apply sup x∈En and sup 0<ξ t to both sides of the inequalities (15), (16) and sum them. By (10), we see that
Taking into account (14), from this inequality at the zero integer time step we obtain:
here and below we assume that C > 1 are some (generally speaking, different) constants bounding the input data in Conditions 1-3 and independent of the splitting parameter τ .
At the first integer time step t ∈ (τ, 2τ ], arguing similarly to the zero integer step, we have
In finitely many steps, on the interval
As a result, on [0, T ] we obtain
Thus we have proved the following estimates, which are uniform in τ :
Estimates (18) imply that the right-hand sides of (7), (8) are bounded uniformly in τ on each time step, and hence the left-hand sides of the equations are bounded uniformly in τ :
We apply operation of differentiation D s x for s = (s 1 , . . . , s n ), s i = 0, 1, . . . , p i to (7), (8), by (18), we obtain
Estimates (18), (19) guarantee the fulfillment of the conditions of the Arzela Compactness Theorem. By this theorem, some subsequences {u
} of solutions to (7), (9) converge together with all relevant derivatives to the functions u(t, x) ∈ C 0,p1,...,pn t,x1,...,xn
) respectively, which, by the theorem of convergence of the weak approximation method, are the solution to (1), (2) (by virtue of the arbitrariness of M); moreover,
is proved. For case [b] , repeating analogous arguments at the first fractional step, we obtain some estimate similar to (14).
At the second fractional step, by the hypotheses of the theorem, we infer the estimate
Summing the last inequality and using the notation (10) at the second fractional step, we obtain
Consider the Cauchy problem for the ordinary differential equation
Recall that P γ2 (y) =C(1 + y + · · · + y γ2 ), γ 2 > 1 is an integer constant, and the constants C,C are independent of the splitting parameter τ . By the Cauchy theorem, there is a constant 0 < t * T such that a solution to this problem ω ∈ C 1 [0, t * ], where t * depends on C,C and initial condition S u,v (0). Obviously, ω(t) is a strictly increasing function. We have
The proof of lemma is in [1] . Thus, we have proved the following estimates uniform over τ :
Repeating the arguments similar to the arguments in [a], we infer that some subsequences {u τ k (t, x), v τ k (t, x)} of the sequences {u τ (t, x), v τ (t, x)} of solutions to (7)- (9) converge together with all relevant derivatives to the functions u(t, x) ∈ C 0,p1,...,pn t,x1,...,xn
) respectively, which, by the theorem of the convergence of the weak approximation method, are a solution to (1), (2); moreover, u(t, x) ∈ C 1,p1,...,pn t,x1,...,xn
.. Thus, we have proved the existence of a solution "in the small"; i.e., case [b] is proved. The proof of Theorem is complete. 
An example of the application of theorem
We examine the following Cauchy problem for a system of two-dimensional parabolic equations.
Consider in the domain
The function λ(t) is to be determined simultaneously with the solution u(t, x, z), v(t, x, z) of the problem.
The overdetermination condition is given by
(α, β are constants), the compatibility condition holds
About the input data we assume that they are known functions, sufficiently smooth, have all continuous derivatives occurring in the relations and satisfy them
By using the overdetermination conditions (24), the problem (22), (23) is reduced to the auxiliary direct problem:
The problem (26), (27) fits into the model proposed above. Here 
